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IN THE SPECIFICATION; 

Please replace the paragraph beginning on page 1, line 13 as 

follows: 

The present invention relates generally to a reaction 
stimulator and energy converter a n energy generator and mor e 
gpccificall/ to a m e thod and apparatus to couple Lhc exoitati nn 
jtructurc of a semiconductor oubotrato L u the excitati o n 
otructurc of reactive adoorhatea on the j urfacc of a cataly e fe . 

Please replace the paragraph beginning on page 5, line 27 as 

follows: 

A theory to use a solid state metal -insulator-metal 
junctions to produce resonantly coupled, hot electrons has been 
proposed. The theoretical suggestion would produce resonance - 
assisted, hot-electron- induced femto- second chemical processing 
at surfaces. The energies relative to the catalyst Fermi level 
and associated with the metal- insulator junctions is higher than 
what is now known to be appropriate for surface resonances. No 
experiments using this theory are known at this time. No known 
mention of process reversibility has been claimed. 

Please replace the paragraph beginning on page 6, line 3 as 

follows : 

The use of a neutral semiconductor substrate as the 
injection mechanism into thin metal overlayers, with photons 
derived from a pulsed laser as the creator of hot carriers in the 
semiconductor, was also suggested in the literature. It was 
suggested that this could be an order of magnitude more efficient 
for stimulating gas-surface catalytic reactions than using the 
metal as the photon acceptor. It was suggested that using a 
semiconductor substrate, metal overlayer and catalyst device to 
produce hot electrons more efficiently with photons and inject 
them into a catalyst surface. A - critical de feat However, process 
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efficiency needed to render the prooooo efficiency approach 
useful was not adequately addresse d in a way needed to aaouro 
pl occ aJ efficiency. One must tailor the Schottky junction, the 
ohmic junction or the almost ohmic junction between the 
semiconductor and the metal so that the coupling of either hot 
carriers such as hot electrons or holes is electrically 
efficient, or so that the resonant tunneling is efficient. The 
proper use of resonant tunneling and resonance-assisted processes 
can be valuable components in a useful device and method. 

Please replace the paragraphs on page 7, line 33 to page 10, 

line 17 as follows: 

The prcocnt invention io di re cted to a method and apparatus 
to couple the excitation otruotuic of a semi co nductor oubotrate 
to the ex u ltation ot r ucturc of reactive adaorbatcs on the surfac e 

of a oatalyot. Preferably, the coupling io rcvcroiblc ■ The 

reversible reactor uaoo excitations originating in a 
s emiconductor oubctratc to otimulatc' chemical r e actions by t ho 
adoorbate opecieo on the surface of a oatalyuL, and uaoo r hn 
revcroe proe eu a Lu ge nerate e nnitationn in the o ubatratc ao th e 
rcault of reaetiona. The method and apparatus when operated in 
the stimulator mode uses electrical or oth e r forma of energy 
input to the nemieonductor oubotrate to manipulate the reaction 
path so ao to accelerate reactions, to ate e r the reaetiona, to 
manipulate the formo o f energy p r oduced by the reaction, and to 
reduce the temperature needed to j L i m ula L o uu xfacr mrnl yH n 
reaction u , when operated in the generator mode the apparatuo 
converto excitation energy of the adoorbate catalyst syotcm int -e 
e - l eutr icity or other formo of energy in the semiconductor 
substrate, and when operated in the otimulator generator modc ^ 
may use electricity or other forma of energy to manipulate 
■ reactions and at . the same time may generate electricity or other 
jormo of energy from the adoorbate catalyst system chemical 
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reaction encrgy - 

In the p ic Jcnt ind e ntion, electricity o i o ther forma of 
e n er gy arc uocd to u^t c and inj Ca t excitation e n er gy, ouch ao 
bet carrier, into adu or batco on a oatalyot o urface and t o 
u L imulatc ado orbatc j urfaoc p - .Talytio reac t i o ns , and, l imnnnr nf 
the rcvoralLlL nature of the proocao, one and the oamc type of 
gpparatuo m a y aloo bo directed to collecting ^ nitationo that 
reoult from ourface chemical i c a cL iono, m m h no hot carrioro in a 
jct nioonduct o r oubotratc, and conve rt ing them iu Lu e lectricity nr 

other formo of energy. In an exemplary embodiment, the pre o enb 

inve n t i o n u j ca elect ro nically energised semi conductor diodco in a 
novel way to otimulatc the reactions . Tor example, in one 
e mbodiment, the prcocnt in vention utilisej a p u jun c tion an t hn 
creator of hot oarriou and ao the injection m ec hanism to cn n pl n 
te hem into t hin metal o verlaycr ctructurc o of catalyot matorial 
and to adaor b atco on the oatalyot ourface. The jgmc embodim ent 
may uoc the oamc p n junction to collect ho t ca rricro in f hn 
flcnd condu c t o r diode, forward biaoing it and hence generating 
electricity — 

The prcoont inventi o n includcp a hot carrier emitter, aloo 
known ao an excitation emitter, in intimate contact with a 
catalyot cnaomblo energy collector aloo known ao a catalytic 

ee-1 lector. The excitation emitter includco a aemiconduotor 

diodc -^- 

Wh c n the apparatuo io operated in the otimulator mode, 
electrical or other energy input to the ocmi conductor diodo 
e au3co it to generate oxcitationo ouch aa an cj luuj u of holco or 
c lcctrono, and the rcoulting hot carriers and reoonantly coupled 
excitation energy io coupled to and aboorbed by the excitation 
structure of a catalyot adoorbatc oyotcm, thereby otimulating 
adoorbatc chemical reactions. 

When the apparatuo io operated in the generator mode, 
excitation energy originating in a catalyot ad uuxb atc ayatom in 
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coupled into ocmic o nductor band ojccitationp, which can typically 
oauoc a forward biao in the acmiconductor and generate 
electricity or other uacful forma of cnorgy - 

Thc ocmiconductor diode includca an emitter, a diode 

junction and a acmiconductor baoc ^ The emitt e r, which io in 

intimate contact with the catalytic collector, includeo a 
ocmiconductor when the diode io a p n junction diode, or the 

emitter ineludco a metal when the diode io a C chottky diodc ^ The 

junction io the region of contact between the emitter and the 
baoe. The emitter aloo includeo an electrical contact. When the 
hot carrier, aemiconductor excitation, is choaen to be an 
electron then the baoe includeo an n type □cmiconductor and the 

emitter includeo cither p type acmiconductor or a metal. Whee 

the hot carrier io ohoocn to be a hole, the baoe includeo p type 
□ emiconductor and the emitter includeo cither n type 

acmiconductor or a metal. The baoe aloo includeo an electrical 

contact — 

The catalytic collector io placed in intimate contact with 
the emitter and includeo a catalyat, an optional undcrlaycr, and 
optional reaction accelerator dccclerator matcriala. Clements of 
the catalytic collector may be one and the game with ol entente of 

the emitter. A ourfacc of the catalyat and of the optional 

reaction accelerator dccclerator matcriala cornea in intimate 
contact with the rcaotant chcmioalo. - 

Variouo regiono of a device uoing thio invention may include 
varioua and different catalytic colleetoro, hot carrier omittcro 
and varioua modc3 of energy coupling, including balliotio ■ 
tranaport and rcaonant tunneling. 

The present disclosure, in one embodiment , is directed to a 
method and apparatus to couple the excitation structure of a 
semiconductor substrate to the excitation structure of rea ctive 
adsorbatea on the surface of a catalyst. The coupling is t hen 
used to stimulate reactions and to extract energy from the 
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reactions . 

In one embodiment, the method and apparatus injects energy 
such as hot electrons, from a substrate, into a catalyst, and 
through the catalyst to the catalyst surface. At the same time, 
reactants are conveyed to the catalyst surface from a gas phase 
in contact with the surface. The reactants adsorb on to the 
catalyst surface and become adsorbates. 

In an exemplary embodiment of the present disclosure, hot 
electrons constitute the injected energy. The method and 
apparatus of the present disclosure uses the hot electron energy 
to initiate, to control and/or to drive reactions of the 
adsorbates. Reaction products react, desorb and/or diffuse on or 
away from the catalyst surface. 

The method of injecting energy such as hot electrons into 
adsorbates may have the unique result of driving reactions that 
cannot be driven by the use of heat energy alone. The products , 
of the driven reactions may themselves constitute the desired 
reaction product. 

This mode of operation may also include causing and 
tailoring reactions in the volume of a gas phase in contact with 
the surface as well as on. the surface of the substrate, by using 
desorbed products. The products of the driven reactions can be 
used to drive and control other reactions. 

In one embodiment, the method and apparatus of the present 
disclosure may use two- terminal devices such as semiconductor 
diodes to inject hot electrons. The method and apparatus may 
also include using a conducting catalyst to form one of the 
terminals. The thickness of the conducting catalyst terminal is 
formed to be sufficiently thin to permit the transport of useful 
number of the hot electrons to the reactive surface of the 
catalyst . 

In another embodiment, the method and apparatus of the 
present disclosure may use chemical reactions on or near a second 
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surface to generate hot electrons. The method and apparatus may 
include transporting the hot electrons to the catalyst su rface 
containing adsorbates . 

The second surface may be in contact with a substrate, which 
is in turn in contact with the catalyst surface. This mode of 
operation and its variants are referred to a s the stimulator 
mode . 

The method and apparatus of the present disclo sure may 
operate in reverse, where reactions of adsorbates on or near th e 
catalyst surface release energy that is collected into a useful 
form. One form of energy is hot electrons which tr avel into the 

catalyst, through the catalyst and into a substrate. Other forms 

of energy may include electromagnetic radiation. This mode of 
operation and its variants are referred to as the generator mode . 
The method and apparatus to couple excitation, structures, in one 
embodiment, includes operating in both modes at the same time, - 

The method and apparatus of the present disclo sure may use 
hot holes instead of hot electrons, referring to either hot holes 
or hot electrons as hot carriers and also as energetic 
excitations . 

In one embodiment, the method and apparatus in the 
stimulator mode includes stimulating reactions that comprise 

creating hot carriers and injecting them into th e catalyst, For 

example, the method and apparatus in one embodiment uses a two 
terminal device such as a forward biased p-n junctio n diode or a 
Schottky diode to create hot electrons. Diode elec trons flow in 
the direction of the forward bias. An electron starts at the 
terminal biased negative on the back side of a substrate 
semiconductor. It travels through the semiconduc tor and out of 
the semiconductor into the positively biased part of the diode. 

When the electron transitions to the positive part of a p^n 
junction diode, it becomes a minority carrier with energy 
approximately equal to the band gap energy and is therefore 
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"hot." When the electron transitions to the positive part of a 
Schottky junction diode, which is a conductor, the electron has 
approximately the forward bias energy, and is also therefore 
"hot . » 

If the positively biased terminal and the positive part of 
the diode are thick relative to the energy mean free path of the 
hot electron, then the hot electron may loose en ergy in the 
positively biased regions and the energy may be lost to heat. 
This typically occurs within tens of femtoseconds and within tens 
of nanometers in a metal. The method and apparatus, in one 
embodiment, thus includes forming the positively bi ased parts and 
terminal of the diode to be thin, thin relative to the energy 
mean free path of the hot electron. 

When the positively biased terminal of the diode is in 
direct contact with a metal catalyst that is also thin relative 
to the energy mean free path of the hot electron, the hot 
electron passes from the diode, through the posi tively biased 
terminal of the diode, through the catalyst and on to the surface 
of the catalyst. The method and apparatus, in one embodiment, 
thus includes forming a suitably thin catalyst in direct contact 
with the positively biased parts and terminal of the diode. 

When hot electrons are driven onto the surface of the 
catalyst, adsorbates on the catalyst can be stimulate d to react. 
Reactions may occur within picoseconds of the appeara nce of the 
hot electrons. Some reactions may go to 80% completion less than 
a picosecond. 

When the surface of the catalyst is in contact with a 
liquid, the hot electrons may dissipate into the liqu id, greatly 
diminishing their ability to cause reactions. The method and 
apparatus, in one embodiment, thus includes providing a gas 
phase, rather than a liquid phase, in contact wit h the catalyst. 

Generally, the excitation structure of a semiconductor 
substrate is represented by its energy levels. The valence and 
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conduction hands are such energy levels. The energy levels of a 

quantum well are such energy levels. Exc itations may include 
minority carriers, hot carriers, couplin g elect r ic fields 
associated with electromagnetic caviti es, excitons, and plasmons. 
The excitation structure of reactive adsorbates on the surfa ce of 
a catalyst may include excited reactant molecu lar vibrations, 
molecule -surface vibrations, atom- surf ace vibrations, adsorption 
reactions, chemical reactions, excited electronic states, and the 
energy levels of the adsorbate- substrate system. 

The method and apparatus when operated in the stimulator 
mode, in one embodiment, uses electrical or other forms of energy 
input to the semiconductor substrate to, for example, manipulate 
the reaction path of the adsorbates so as to ac celerate 
reactions, to steer the reactions, to manipu late the forms of 
energy produced by the reaction, and to alter the temperature 
needed to stimulate surface catalytic reactions. 

The method and apparatus when operated in the generator 
mode, in one embodiment, converts excitation energy of th e 
chemical reaction associated with the adsorba te-catalyst system 
into electricity or other forms of energy in the semiconductor 
substrate . 

When operated in the stimulator-generator com bined mode, the 
method and apparatus., in one embodiment, may use electricity or 
other forms of energy to manipulate reactions and at the same 
time may generate electricity or other forms of energy using the 
chemical reaction energy released by the a dsorbate-catalyst 
system. 

In one embodiment, the method and appar atus of the present 
disclosure in the stimulator-generator mode uses a p-n -junction 
to create hot electrons and inject the hot electrons into t hin 
metal overlayer structures that may include cataly st material. By 
conveying the hot electrons to adsorbates on the catalyst surface 
the method stimulates a reaction that can, for example, create an 
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abundance of autocatalyst reacta nts on the catalyst 3urface. 

An example of such an autocatalys t is the OH, hydroxyl 
radical. The autocatalysts cause an avalanche of furthe r 

stimulated reactions on or near the cata lyst surface. The se 

reactions create hot electrons i n the catalyst. The same p-n 

junction diode may collect the hot electrons forward bi asing it 
and hence generating electricity. In another embodiment, a 
Schottky diode may be similarly used. 

In one embodiment, when the method and a pparatus of the 
present disclosure is operated in the generator mo de, excitation 
energy originating in a catalyst -adsorba te system is coupled into 
semiconductor band gap excitations, w hich can typically cause a 
forward bias in the semiconductor . and gene rate electricity or 
other useful forms of energy. 

The catalyst surface and the positively biased terminal may 
include a catalyst, an optional underla yer, and optional reaction 
accelerator-decelerator materials. A surface of the catalyst and 
of the optional reaction accelerator-decelerat or materials comes 
in intimate contact with the reactant chemi cals in one 
embodiment . 

Various regions of a device using the method an d apparatus 
of the present disclosure may include vari ous and different 
catalysts, various different, hot car rier emitters and various 
modes of energy coupling, and may include e lectromagnetic 
coupling, plasmon coupling, ballistic tr ansport and resonant 
tunneling . 

Please replace the paragraph beginning on page 10, line 33 
as follows: 

Figure 2 illustrates a cross section of a catalytic 
excitation collector in one embodiment of the present invention; 

Please replace the paragraph beginning on page 11, line 1 as 
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follows : 

Figure 3 shows a cross section of a reaction stimulator 
device with catalyst clusters forming the catalytic excitation 
collector; 

Please replace the paragraph beginning on page 11, line 4 as 
follows : 

Figure 4 shows a cross section of a solid state surface 
catalysis reactor device with a thin electrode forming a 
substrate for catalyst clusters as part of a catalytic excitation 
collector and also forming the electrical connection for the hot 
carrier emitter; 

Please replace the paragraph beginning on page 11, line 13 
as follows: 

Figure 6 illustrates a cross section of the solid state 
surface catalysis reactor having a single metal element that is 
at the same time an electrical connection to the emitter, the 
underlayer of the catalytic excitation collector and forming the 
metal element of a Schottky diode; and 

Please add the following new paragraph before paragraph 
beginning on page 11, line 24: 

In one embodiment, the method and apparatus of the present 
disclosure uses hot electron energy to initiate and or simulate 
chemical reactions which would otherwise not occur by thermal 
processes alone. The non-thermal, hot electron energy tailors 
reaction paths between adsorbates and gas reactants interacting 
with a catalyst surface . One source of hot electrons is the 
reaction of fuel and oxidizer on a catalyst structures. Another 
source uses two terminal electrical devices in contact with the 
catalyst surface. Electricity can be generated using the same 
method and device from the pulsed reactions stimulated by hot 
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electron injection. In one embodiment, the method and apparatus 
couples the excitation structure of a semiconductor substrate to 
the excitation structure of reactive adsorbates on the surface of 
a catalyst. The coupling is used, in one embodiment, to 
stimulate reactions and/or to convert chemical energy into a 
useful form. 

Please replace the paragraph beginning on page 11, line 25 
as follows: 

An exemplary embodiment of the prcocnt invention In one 
embodiment, the method and apparatus of the pres ent disclosure 
uses electrons as the hot carriers and a P -n junction diode as 
the semiconductor diode. The base, or substrate, is n type 
semiconductor and the emitter of the hot electrons is a* p type 
semiconductor. A forward bias on the p-n junction diode injects 
minority carrier electrons into the conduction band of the p type 
emitter region where they become minority carriers. The minority 
carriers diffuse and migrate to the catalytic excitation 
collector and may also be resonantly coupled into the excitation 
structure of the adsorbate- catalyst system, for example, if 
provided thafe the distance from the junction to the catalytic 
excitation collector is less than several times the diffusion 
length of minority carriers in the p type semiconductor. For 
example, when InSb, InAs, or some alloy of InGaAsSb is the 
semiconductor, then the diffusion length can range from 
approximately 100 nanometers to several microns. 

Please replace the paragraph beginning on page 12, line 6 as 
follows : 

According to an embodiment of the method and apparatus of 
this disclosure this invention , the minority carrier electrons 
are injected or resonantly coupled into the ' e u L al^ L ie collector 
catalyst w ith an energy in excess of the Fermi level of the 
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catalyst catalytic collector . This excess energy is nearly mono- 
energetic and has a value approximately equal to the forward bias 
on the diode. When the semiconductor is a p-n junction diode, 
the minority carrier energy may be within approximately several 
kT of the semiconductor band gap energy (kT = thermal energy, 
0.026 eV) . When the semiconductor diode is a Schottky junction 
the carrier energy may be within approximately several kT of the 
energy needed to overcome the Schottky barrier. The electrons 
with forward biao energy, also called hot electrons- may rapidly 
permeate on to a surface of the catalyst facing and in intimate 
contact with reactants if, for example, the distance from the p 
type semiconductor to the surface in contact with the reactants 
is less than the several times the energy mean free path of 
electrons in the catalytic excitation collector. 

When the catalyst is a metal such as platinum, palladium, 
rhodium or ruthenium the energy mean free path ranges between 5 
and 50 nanometers. When the underlayer is copper or gold the 
energy mean free path ranges between 50 and 200 nanometers. 

Please replace the paragraph beginning on page 12, line 25 
as follows: 

When the catalyst is a metal such as platinum, palladium, 
rhodium or ruthenium the energy mean free path ranges typically 
between 5 and 50 nanometers. When the underlayer is copper or 
gold the energy mean free path ranges typically between S10 and 
200 nanometers . 

Please replace the paragraph beginning on page 12, line 30 
as follows: 

The flux of hot electrons interacting with the reactant 
chemicals is approximately that of the diode forward current if 
the distance from the catalytic excitation collector to the diode 
junction is within the diffusion length of the emitter 
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semiconductor and energy mean free path lengths of the catalyst 
and underlayer, as specified herein. Hot clcctrono interact 
□trongly with adoorbatco . - 

Please replace the paragraph beginning on page 13, line 3 as 
follows : 

Another aspect of the present invention uses a Schottky 
diode. Typical Schottky diode barriers are 0 .5 eV and above. 
For example, when an unacceptable diode barrier forms between 
desired conductors and semiconductors, a Schottky diode designed 
to have a n effective low barrier height, also referred to as a 
tunneling junction , may be used . Such a device is constructed by 
choosing the doping between the metal and the semiconductor of 
the Schottky junction to be intermediate between the very high 
doping used to make an almost ohrnic junction, typical for making 
electrical contacts with the semiconductor, and the medium doping 
used to make a normal Schottky diode. The doping controls the 
width of the depletion region and hence the strength of the 
Schottky barrier. The value of the doping may be chosen between 
degenerate or high doping and conventional or moderate doping, 
depending on the application. 

Please replace the paragraph beginning on page 13, line 16 
as follows: 

When the semiconductor is silicon and the metal is any metal 
associated with the catalytic excitation collector then the 
doping may be adjusted to an effective value of order 0.1 eV. 
High doping in silicon yields effectively 0 . 0 eV barrier and 
normal doping yields barriers typically between 0.5 and 1.5 eV 
barrier. This tunneling junction Schottky diode permits the use 
of common semiconductor materials such as silicon. The use of 
such a diode is appropriate for use in the generator mode where 
reactions are pulsed. 
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Please replace the paragraph beginning on page 13, line 25 
as follows : 

With the methods and apparatus provided in either the p-n 
junction diode or the Schottky junction embodiment of the present 
invention, the semiconductor diode injects hot carriers or 
resonantly couples the carriers and with energy approximately 
equal to the energy of the diode forward bias voltage into the 
adsorbates on a surface of the catalyst catalytic collector . 
With the methods and apparatus provided in this invention, the 
energy of the injected electrons may be chosen by the user so as 
to steer reactions and to drive reactions in selected modes or 
pathways, including reaction paths inaccessible to thermal 
processes. 

Please replace the paragraph beginning on page 14, line 1 as 
follows: 

Another novel aapect of the present invention io the 
rovcroiblc nature of the present invention. In another 
embodiment, the method and apparatus of the present disclosure 
may be reversible. For example, the inverse of the stimulation 
process is the collection of electrons generated by adsorbates 
reacting on the catalytic excitation collector and the resonant 
coupling of energy into the semiconductor diode, creating 
carriers such as conduction band electrons or valence band holes. 

The catalytic collector catalyst, one embodiment, acts like a 
collector of hot electrons generated by adsorbate chemical 
reaction energy inotcad of a collector of hot electrons g e nerated 
by the hot carrier emitter . The catalytic collector In one 
embodiment, the catalyst, for example, a conducting catalyst, 
couples excitations from the adsorbates to the semiconductor, 
instead of from the semiconductor to the adsorbates. The hot- 
carrier emitter goto ito hot clectrono from the catalytic 
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collector inotQQd of from tho diode junction. The p-type region 
of the semiconductor gets its hot carr iers from the catalyst 
instead of from the n-type region of th e semiconductor. The hot 
carrier s in the p-type region may be excited emitter may generate 
ito electrons by resonant coupling of energy from the excitation 
structure of the adsorbate-catalyst system. The hot carriers 
migrate electrons go into the diode junction towards the n-type 
semiconductor base instead of out o f the diode junction from tho 
baoe. In so doing, the hot electrons maintain a forward bias on 
the diode, thereby generating electricity. This reversible 
nature of the pi c ocnt invention permits the device to generate 
electricity as a direct result of chemical reactions. This is a 
generator mode . 

Please replace the paragraph beginning on page 15, line 11 
as follows: 

When the device io operated in the otimulator mode, energy 
Energy may be collected in any manner including by operating the 
solid state surface catalytic reactor in the generator mode. 
Other modes of collecting energy include but are not limited to 
collecting radiations emanating from reactions that have been 
stimulated, or by collecting heat, or by collecting the reaction 
products themselves, or by capturing the kinetic energy of the 
products as they desorb, or by collecting the phonons, or by 
stimulating and collecting coherent acoustic or optical 
radiation, or by stimulation of piezoelectric devices. 

Please replace the paragraph beginning on page 15, line 31 
as follows : 

With the p-n junction semiconductor in the present 
invention, semiconductors with band gaps starting from 
approximately 0.05 eV to 5 eV may be used with room temperature 
heat sink operation, and band gaps less than 0.05 eV may be. used 
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when the system is operated at lower than room temperature. This 
does not preclude using materials with higher bandgaps, such as 
insulators like CaF2 with 12 eV bandgap, or any other material 
with higher bandgap. In particular, the commonly used InSb and 
InGaAsSb materials have band gaps that may be continuously chosen 
in the range 0.1 to 1.5 eV by suitable choice of the In / Ga . 
ratio and the As / Sb ratio. The resulting ranges of band gaps 
lie precisely in the range of energies associated with 
hydrocarbon chemical bonds. The InSb material produces 0.18 eV 
electrons, which is ideal for favoring reaction stimulation Vs 
desorption, because higher energy electrons may stimulate an 
undesirable large fraction of desorptions, as opposed to surface 
reactions . 

Please replace the paragraph beginning on page 16, line 14 
as follows: 

The p-n junction embodiment of this invention provides a 
substrate whose energy levels match the excited state energy 
levels of the adsorbates . This greatly enhances resonant 
transfers, in either direction, that is, to or from the 
adsorbate. The metals of the catalytic excitation collector 
provide a resonant tunneling coupling, for example, via plasmons, 
between the adsorbate and the semiconductor substrate. The 
resonant tunneling coupling effectively connects the energy band 
structure of the substrate to the energy band structure of the 
adsorbates. An ohmic or almost ohmic junction between the 
catalytic collector catalyst and the semiconductor effectively 
pins the Fermi level of the catalytic coll eefeeg catalyst to the 
valence band of the semiconductor. The lower edge of the 
conduction band of the semiconductor, being higher than the 
valence band by an amount equal to the band gap of the 
semiconductor, then appcaro in one emb odiment is above the Fermi 
level of the catalytic collector catalyst by the same amount, 
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namely the band gap energy. Since the bandgap may be chosen from 
a palate between 0.05 to 5 eV, the bandgap energy may be made to 
match nearly any energy level of the system having the adsorbate 
and the catalytic excitation collector. By choosing the 
semiconductor band gap to match the energy level of an adsorbate 
on the catalytic excitation collector, one may effectively couple 
the two together through the well known and commonly used process 
of resonant tunneling. Resonant tunneling greatly increases the 
cross section for the transfer of energy. 

Please replace the paragraph beginning on page 17, line 6 as 
follows: 

This is useful in the stimulator mode to steer reactions 
because selected energy levels of the adsorbate may be resonantly 
activated by hot carriers coming from the semiconductor. This is 
useful in the generator mode because excited vibration states of 
adsorbates may be coupled resonantly to the semiconductor, 
enhancing energy transfer. This is useful in the stimulator- 
generator mode because the stimulator can trigger and initiate 
adsorbate reactions, using a relatively small stimulator energy, 
and the reactions may then spread in a manner analogous to an 
explosion or detonation on the surface catalytic excitation 
collector exposed to reactants, which release hot carriers. The 
hot carriers may then generate electricity at a rate faster than 
they loose energy by generating heat. 

Please replace the paragraph beginning on page 19, line 4 as 

follows: 

For example, the present invention is directed to a method 
and apparatus for making a device that will generate hot 
carriers, especially hot electrons, transport them and couple 
them to reactant adsorbates on a catalyst surface and cause such 
adsorbates to acquire an effective vibrational temperature in 
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excess of the temperature of the catalytic surface. Vibrational 

energy and temperature arc uocd interchangeably- Energy ±o the 

product of the - Doltzman conotant and absolute temperature. Such 
an effective vibrational temperature in turn accelerates the 
reaction rates on the catalyst. Excited vibrational states of 
atomic and molecular adsorbates, both against the catalyst 
surface and internal to the adsorbates, are observed to be orders 
of magnitude more reactive than adsorbates in ground states. The 
methods and apparatus of the present invention increase adsorbate 
vibrational energy or temperature using an electrical stimulus 
without appreciably increasing the substrate thermal energy or 
temperature . 

Please replace the paragraph beginning on page 19, line 23 
as follows: 

In another aspect, the present invention is directed to 
methods and apparatus for reversing the above -described process, 
wherein one or more excitation energies, electrons or holes 
generated by chemical reactions described herein above are 
converted coupled into a semiconductor substrate and converted 
into electricity. 

Please replace the paragraph beginning on page 19, line 2 9 
as follows : 

Accordingly, one aspect of the present invention is directed 
■ to a reaction stimulator method and device to uoc electricity to 
ercatc energetic carricro, particularly hot clcc - trona, — in a hot 
carrier cmitt - or and inject those carricro efficiently into a 

catalytic collector. Preferably, the catalyot or oubotrato 

temperature need not be raiaed during the reaction stimulation. 

Please replace the paragraph beginning on page 20, line 1 as 
follows : 
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In another aspect, the present invention is directed to 
methods and apparatus for a reaction stimulator - generator that 
efficiently collects energetic carriers generated by reactions on 
a catalyst surface, particularly hot electrons, and causes them 
to charge a forward biased diode through an emitter-base 
junction, thereby generating electricity. 

Please replace the paragraph beginning on page 20, line 8 as 
follows : 

In another aspect, the present invention is directed to a 
reaction stimulator that injects hot carriers or hot electrons 
with the range of energies needed to selectively favor desired 
types of surface chemical reactions. Pre - f - e - rably -? — t h e r eact io n 
stimulator is simple in design, ruggod in conotruction, and 
economical to manufacture. 

Please replace the paragraph beginning on page 20, line 24 
as follows : 

Accordingly, — the method to s timulate reactions includes 
using electrical energy to forward ■ bias - a s emiconductor diode, 
wherein an electric potential acro s s the electrical contacts of 
the— semiconductor — diode creates hot carriers such as hot 
electrons that diffuse out of the diode j unction and arc 
transported through - the catalytic collector to the ch c mica l- 
adoorbatc , — fc heo e eby otimulat - ing the adoorbatc to -react :- 



Please replace the paragraph beginning on page 20, line 32 
as follows: 

Accordingly, the method to generate electricity includes 
c r e ating hot carriers in the catalytic collector using chemical 
adoorbatc reaction energy and transporting or coupling the hot 
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carricro into the junation of the acmiconduabor diode, cauoing 
• the diode to become forward biaocd and thereby generating 
electricity , 

Please replace the paragraph beginning on page 21, line 3 as 

follows : 

The method aloo includca utilising a carrier diffuoion 
proGcao that tranoporta the energetic oarricro ouch go hot 
elcGtrono to and from the diode junction to the - catalytic 
collector . 

Pl ease replace the paragraph beginning on page 21, line 7 as 
follows: 

The method aloo includes uaing a catalytic collector cither 
to collect hot carricro provided by the emitter to tranoport or 
couple them to a chemical adoorbatc on a catalyot ourfaee or to 
optional reaction accelerator ■ decolcrator materials, or, the 
revcrao proccQQ, — to collect hot carriers generated by the 
chemical adoorbatc on a catalyot or optional reaction 
accelerator dooclerator materialo and tranoport or couple them to 
an emitter - 

Please replace the paragraph beginning on page 21, line 15 
as follows: 

The method also includes forming metal clusters, layers, 
atomically uniform monolayers, surface structures, crystalline 
layers or 1, 2 or 3 dimensional quantum confinement structures 
such as quantum dots, quantum stadia, quantum corrals and quantum 
wells from materials comprising the catalyst catalytic collector . 
The method includes using such layers and quantum confinement 
structures to tailor the density of electron and hole states of 
the materials, which in turn cause favorable conditions for the 
formation of or reaction with hot carriers. Such conditions 
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include depletion of the number of electrons available for the 
decay of vibrational energies of the adsorbate- substrate system 
with values of transition energy less than that of the bandgap of 
the substrate. 

Please replace the paragraph beginning on page 21, line 29 
as follows: 

Tliiu invention The method and appa ratus of the present 
disclosure in one embodiment includes a surface catalyst reactor 
with tailored electron density of states and tailored energy 
decay modes. For example, the electron density of states may be 
modified by forming ordered, electron-reflective or hole- 
reflective structures of material on the catalyst catalytic 
collector surface exposed to reactants. 

Please replace the paragraph beginning on page 22, line 1 as 
follows : 

The method in one embodiment thia invention includes 
tailoring the carrier density of states near the Fermi surface of 
the catalytic collector catalyst so as to enhance the probability 
of forming electron-hole pairs with the desired energy 
distributions and for enhancing stimulation of resonant tunneling 
coupling of vibration states of the adsorbate- substrate system. 
Such tailoring may include forming and tailoring of the hot 
electron Fabrey-Perot modes of a thin-film electron 
interferometer . 

Please replace the paragraph beginning on page 22, line 17 
as follows: 

The method also may include using combinations of different 
catalyst materials and of optional reaction accelerator- 
decelerator materials as part of the catalytic excitation 
collector, and of forming such materials in any geometry, 



NYCDMS/421220. 1 



22 



PAGE 24/65 " RCVD AT 4/19/2004 4:41:14 PM [Eastern Daylight Time] ■ SVR:USPTO-EFXRF-1/8 * DNIS:872930S ■ CSID:212S913547 * DURATION (mm-ss):23-42 



04/19/2004 15:50 FAX 2128913547 



BAKER & MCKENZIE 



12 025 



including but not limited to pillars, islands, clusters, 
interdigital and random structures and stripes. 

Please replace the paragraph beginning on page 23, line 8 as 

follows : 

The method glao include using 'pul ue J jtiwulnt inn Vulood 

op eration pti iu ula Lec t hr rn rtiono to uu lui n ith hi gh P ^^^ 
a nd ahort duj.aL i ui l. T hi^ p. L - mita the d e vice to r e m a in r fM H^ H y 
oool durin g the long e r periods of ncro stimulation after the 
geaefe*e » H -Uu tf i completed and it pe iut i Le the rca eL i ui iu to oacu r nr 
a high temperature and high peak p o wer during t he relator 
uli ux L period s u£ p ulo rrl n H r mi l ati on. Pulai -sg-^lews pa c tions to 
to c cur before thermal proccooco p ause the l e ao L i o ns to nnmir - 
Pulsing permits the c omp lete depl e tion of r e a eL auto in n r i m n 
oh o rt e r than t hr y can be repl enis h e d by th n rr n n tant . gao mi * 
that io, through gao Icinctic mcano^ - 

Please replace the paragraph beginning on page 23, line 20 
as follows : 

The method in one embodiment also includes using an optional 
underlayer material as part of the catalytic excitation 
collector. The underlayer may be a metal such as copper, gold, 
silver or aluminum, and is chosen to be compatible with obtaining 
the desired properties with the semiconductor component of the 
hot carrier emitter. One desired property is an ohmic or almost 
ohmic junction. The underlayer may be used as an electrical 
connection in the hot carrier emitter and may also be used as an 
electrical connection to the catalytic excitation collector. The 
underlayer may be used as a substrate upon which to fabricate 
catalyst structures, more underlayers or specified geometries and 
crystal orientations of materials deposited as part of the 
catalyst e aLulytie collector , or to tailor the lattice constants 
of materials deposited on the underlayer. 
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Please replace the paragraph beginning on page 24, line 8 as 
follows : 

The method includes enclosing all or selected components of 
the device in an optical cavity tuned to an energy associated 
with the excitation structure of the semiconductor, or of the 
catalytic excitation collector or of the adsorbates or of some 
combination of these elements. 

Please replace the paragraph beginning on page 24, line 13 
as follows: 

An apparatuo to otimulatc rcactiono or to generate 
electricity according to the prcaont invention includca a hot 

carrier emitter and a c atalytic collector. The hot carrier 

emitter belonging to thia apparatus includco a semiconductor 
diode. The aemi conductor diode includeo a ocmiconduotor baoo, a 
diode junction alc i o called an emitter bacc junction, and an 
emitter. The emitter includes a ocmiconduotor or a metal ao a 

diode clement. The apparatuo may aloo include a first electrical 

connection to the emitter and a accond electrical connection to 
the baoc. 

Please replace the paragraph beginning on page 24, line 23 
as follows: 

An apparatus to stimulate reactions or t o generate 
electricity according to one embodiment of the present disclosure 

includes a hot emitter and catalyst surface. As The apparatus in 

one embodiment to otimulatc reactions or to gen e rate electricity 
according to the prcocnt invention may include an optional 
optical cavity tuned to a desired energy level transition of 
either the excitation structure of the semiconductor or of the 
system including the catalyst catalytic collector and chemical 
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adsorbate. Such cavities may include and are not limited to 
metal and dielectric microcavities, periodic structures that 
exhibit photonic band gap properties, fabrey-perot cavities, 
textured mirrors, distributed Bragg reflectors, single and 
coupled semiconductor microcavities, external cavities with a 
wavelength filter or a large dispersion, quantum dot vertical 
cavities, microdisk cavities, quantum dot microdisk cavities, 
laser waveguides with or without cladding, dielectric slab 
waveguides, cavities associated electromagnetic surface waves, 
also called surface plasmons, at a metal- semiconductor interface 
where no additional confinement layer is needed, chaotic 
resonators, optical resonators with deformed cross section, 
resonator designs that incorporate chaotic ray motion, and 
symmetric resonators with whispering-gallery modes. 

Please replace the paragraph beginning on page 25, line 9 as 
follows : 

In one embodiment, the hot carriers are electrons, the diode 
is a p-n junction made of InSb with n type base and p type 
emitter and the catalytic excitation collector is located or co- 
located in the proximity of the emitter electrical contact. The 
catalyst ensemble includes a catalyst metal such as any alloy of 
platinum and palladium and deposited in a surface, structure, 
cluster or quantum confined structure. The configuration or 
geometry of the catalyst, for example, is such that the distance 
to the semiconductor from regions of catalyst exposed to 
adsorbates is predominantly less than 3 times the energy mean 
free path in platinum, which mean free path is approximately 
10 ra n. The catalyst metal is in direct contact with the 
semiconductor of the emitter, which semiconductor is 
degeneratively doped to form an ohmic or tunneling junction. In 
this embodiment, the p-n junction is formed a distance from the 
catalytic excitation collector that is less than 3 times the 
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diffusion distance for electrons in the conduction band of p type 
InSb, which diffusion distance may be as little as 200 
nanometers. The device may be operated in the stimulator mode, 
the generator mode or the stimulator-generator mode, and where 
the hot electrons may be created either by the chemical adsorbate 
reactions or by electrical energy input to the semiconductor 
diode . 

Please replace the paragraph beginning on page 25, line 33 
as follows: 

The reversible solid state ourfacc catalysis excitation 
transfer reaction apparatus in the present invention couples the 
excitation band structures of the adaorbate catalyst system with 
the excitation band structure of the semiconductor substrate. 
The apparatus may be designed to operate on gaseous rcactants 
In the generator mode, the energies of excitations associated 
with chemical reactions of adsorbates on and ^jith the ourfacc of 
a catalytic collector arc converted into excitations such as hot- 
carriers and electromagnetic fields. 

Please replace the paragraph beginning on page 26, line 8 as 

follows: 

The energies of excitations associated with reactions of 
adsorbates include exalted rcaotant molecular vibrations 
molecule surface vibrations, atom ourf aae vibrations, adsorption 

reactions, chemical reactions and excited electronic states. 3*te 

converted excitations such as hot carriers and electromagnetic 
#j: clds arc transported to the excitation emitter where 
s emiconductor or emitter excitations arc created and may be 

converted into useful forms of energy- The emitter excitations 

include minority carriers, hot carriers, carrier diffusion, 
e oupling electric fields, excitons, and plasmons in the 
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acmioonductor . 

Please replace the paragraph beginning on page 26, line 20 
as follows: 

Aloo, in the generator mode, puloco of excita t i o n encrgi m 
aooociatod with chemical roactiono of adoorbntco occurring on and 
with the ourfacc o f a c atalytic collector, ouch ao excit e 
rcactant molecular vibrationo, molecule ourfacc vibrationo, atom 
ourfacc vibrationo, ads o rption x u actiono, c hemical roactiono and 
excited ele ct ronic otat Lj , may bo co nverted in to c ccitationn n u rh 

ao hot carricro and el e ctromagnetic fioldo . Tli e ^ c excitationo 

are transp or ted to an e mitter or the excitati o n emitter w hom 
cxaitationo ouch ao minority carilcro, hot c ar ricro, car ri or 
diffusion, coupling el e ctric fill Jo, excitono, and plaomono in 
the oemic o nductor are created and may be converted into uoofu l 
formo of energy. 

Please replace the paragraph beginning on page 26, line 33 
as follows: 

in one emb o diment, the excitation emitter and the catalytic 
collector may aha i c a component common to both of them. 

Please replace the paragraph beginning on page 27, line 1 as 
follows: 

Figure 1 illustrates a general schematic cross section of a 
solid state surface catalysis reactor device, in one embodiment. 

The device 100 comprises aft hot carrier emitter 102 and a 
catalytic excitation collector 104, formed on a base 108. A 
semiconductor p-n junction 110 is formed between the h ot carrier 
emitter 102 and the base 108. An emitter electrical connection 
114 and catalytic excitation collector of hot electrons 104 are 
arranged as shown in Figure 1. A base electrical connection 112 
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is also arranged in contact with the base 108 as shown in Figure 
1. Reactants and products interact on the catalyst surface 116 
of the catalytic excitation collector 104 . The reactants may 
include but are not limited to the hydrocarbon chains, ethane, 
ethylene, propane, propylene, propene, butane, butene, cetane, 
isomers thereof. 

Please replace the paragraph beginning on page 27, line 15 
as follows: 

In the stimulation mode, the device 100 utilizes electrical 
energy to create energetic carriers, also referred to as hot 
carriers or hot electrons. The hot carriers diffuse into the 
catalytic excitation collector 104, interact strongly with 
reactants on the catalyst surface 116 and accelerate the 
reactions to produce reaction products. The stimulated reactions 
may cause a chain reaction or the equivalent of a surface 
explosions. The stimulated reactions may also cause an 
autocatalyzed chain reaction. 

Please replace the paragraph beginning on page 27, line 29 
as follows : 

In an exemplary one embodiment, a p-n junction ig uocd with 
P type emitter and n-type base is forward biased to create hot 
electrons. Accordingly, — the junction 110 may bo forward biased. 

When the hot carrier io a hot electron, — as opposed to a hot 
■ ho - l <s 7 — the junction ma y- bo— a-p n junction with p - feype emitter and 
n type base. - Alternatively, the junction may be a Schottky 
junction with a metal hot carrier emitter and n-type 
semiconductor base. 

Please replace the paragraph beginning on page 28, line 3 as 
follows : 

In the stimulation mode, the forward biased junction 110 
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creates hot electrons. For example, when the base contact 112 is 
biased negative and the emitter contact 114 is biased positive, 
hot electrons are created in the junction 110. The hot electrons 
diffuse through the emitter 102 and ballistically transport 
through the catalytic excitation collector 104 to the catalyst 
surface 116. 

Please replace the paragraph beginning on page 28, line 10 
as follows: 

In the generator mode, hot electrons originating on the 
catalyst surface 116 may also ballistically transport through the 
catalytic excitation collector 104 and diffuse to the junction 
110, causing the emitter-base junction diode 110 to become 
forward biased The diode then may beco me an electricity source 
instead of a sink . 

Please replace the paragraph beginning on page 28, line 15 
as follows : 

F o i. e xample, wh e n hot clccl i-o no transport and diffuse from 
t he catalyst surface 116 te -fehe j u u cL i o n 110, t h e baoa cont act 
- 115 becomc j biased ne g ative and the emitter c u u L act 111 bec o m e 
biased pooitivc, and the diode in the prcacn L ind e ntion bec o m n n 
an electron source instead of a sink. 

Please replace the paragraph beginning on page 28, line 20 
as follows : 

These hot electrons mi gi atc or diffuse to or from the 
c mittcr 102 i j r H tr. n-r- fmm i-hr. catalyst ourfacc 116. 
A cco rdingly, in an exemplary In one embodiment, the distance from 
the diode junction 110 to the adsorbates on the surface of the 
catalyst 116 is formed to be less than the distance over which 
the energy of t hese carriers hot electrons degrades. This 
distance is generally less than several times the energy mean 
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free path of such energetic hot electrons when evaluated over the 
path from the emitter-base junction 110 to the adsorbates on the 
catalyst surface 116. 

Please replace the paragraph beginning on page 28, line 30 
as follows: 

Using the process described herein above, reactants 
adsorbing on the catalyst surfaces become vibrationally and/or 
electronically excited by the hot electrons, which excitation 
accelerates the reaction and forms products. U u ing th c oc moano, 
hot electrons created by the rcaotanto adoorbed on the collector 
oatalyot cnocmblc create a potential in the C m w ar d biaocd dio dn , 

Please replace the paragraph beginning on page 29, line 3 as 

follows : 

In an exemplary one embodiment of the present disclosure 
invention, the catalytic excitation collector 104 includes 
catalyst materials in layers, clusters, atomically uniform 
monolayers, or surface structures. Preferably, the layers or 
clusters have thickness dimension less than several times the 
total energy mean free path of hot electrons in the catalyst. 
The layers or clusters are formed close enough to the diode 
junction 110 such that hot electrons may diffuse directly 
between the junction 110 and the catalyst surface 116. 

Please replace the paragraph beginning on page 29, line 12 
as follows: 

The total energy mean free path of hot electrons in 
catalysts such as platinum or palladium is of order 10 SO 
nanometers and is shorter than in Au, Ag or Cu. Therefore, 

according to an exemplary embodiment, catalyst clusters or layers 
are fabricated with cluster, layer thickness or thickness 
dimension less than this smaller value. For example, the 
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electron energy lifetime has been measured in Tantalum, a 
representative transition metal electronically similar to the 
platinum group, and is of order 15 fs. The calculated lifetime 
in palladium based on the Fermi inverse square scaling would be 
600 fs at 0.3 eV and giving a total energy mean free path of 840 
nanometers. Instead of this optimistic large value, it is 
presumed the lifetime is as poor as that measured in tantalum. 
This gives a total energy mean free path in platinum or palladium 
of order 21 nanometers. In this embodiment, the catalyst 
dimension is less than the measured energy mean free path of the 
hot electrons. These arguments concerning the total thickness of 
an underlayer, which is the electrical connection to the 
catalyst, and the catalyst, are only to assert that the path 
taken by the hot carrier through such catalyst and underlayer 
shall not be so long as to significantly degrade the hot carrier 
energy, and any dimension satisfying this condition is 
acceptable . 

Please replace the paragraph beginning on page 30, line 1' 
as follows: 

■P rcf erab lry In one embodiment, some reactions in the method 
and apparatus of the present disclosure may occur before thermal 
desorption occurs. In one embodiment , the methods provided 
the preocnt — invention generate electrons that have energies in 
the range that favor reaction over desorption- These energies . 
are in the range 0,05 to 0.4 eV. Similarly, the method to 
collect electrons generated by chemical reactions on the catalyst 
surfaces collect electrons whose energies are also in the range 
of 0.05 to 0.4 eV. Accordingly, a semiconductor material with 
band gap less than approximately 0.4 eV may be used. Examples of 
such semiconductor material include indium antimonide (InSb) or 
indium arsenide (InAs) which have band gaps of 0.18 eV and 0.35 
eV, respectively. Many semiconductor alloys provide acceptable 
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bandgap energies. 

The energetic electrons produced with these semiconductors 
have energy approximately equal to the band gap in the p type 
semiconductor emitter. Hot electrons diffusing back into the n- 
type base generate electric potentials whose magnitude approaches 
the band gap energy. The method of the present disclosure may 
include choosing Generally, the value of the band gap io selected 
based on the nature of the reactants and the energies associated 
with their surface activity. 

Please replace the paragraph beginning on page 30, line 20 
as follows: 

In an exemplary one embodiment, the catalyst clusters may 
further include activators, de -activators , decelerator or 
accelerators placed in their proximity, such as oxides or other 
materials, as shown in cross section in Figure 2. Figure 2 
illustrates a cross section 200 of a catalytic excitation 
collector including reaction accelerator-decelerator materials 
206 adjacent to and co-located with the catalyst materials 202. 
As shown, the hot electron catalytic excitation collector 
includes the catalyst materials 202, an optional thin electrode 
underlayer 204, and reaction accelerator-decelerator materials 
206 such as oxides. For example, oxides of the catalyst itself, 
of cerium, titanium or aluminum may be formed between the 
catalyst islands or layers. The total dimension of the catalyst 
2Q2 and thin electrode underlayer 204 is preferably less than 
several times the total energy mean free path of a hot electron. 

Please replace the paragraph beginning on page 31, line 1 as 
follows: 

Figures 3, 4, and 5 illustrate several different embodiments 
of the catalytic excitation collector used in a solid state 
surface catalysis reactor of the prcc jcr it invention . As shown in 
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the Figures, the catalytic excitation collector may include 
catalyst material such as islands 302 that reside directly on the 
semiconductor (Figure 3) , or of catalysts 404 on a thin electrode 
underlayer 402 (Figure 4) which also forms the electrical 
connection for the hot carrier emitter 414, or catalysts 404 
(Figure 5) with reaction accelerator-decelerator materials 502 
surrounding or adjacent to the catalysts, all residing on a thin 
electrode underlayer 402 which also forms the electrical 
connection for the hot carrier emitter 414 (rigurc 5) . 

Please replace the paragraph beginning on page 31, line 22 
as follows: 

Figure 3 shows a cross section 300 of the solid state 
surface catalysis reactor device comprioing a hot carrier emitter 
where the hot carrier is an electro n, a catalytic collector . The 
catalytic excitation collector ensemble 302 includes catalyst 
islands 3 02, preferably formed such that the distance to the 
semiconductor 304 is less than the three times the total energy 
mean free path of the hot electron in the catalyst 302. 
Preferably, the The catalyst islands 3 02 are bonded directly to 
the p doped or heavily p doped, p+ region of the semiconductor 
304. In one embodiment, the catalyst materials 302 are spread 
over the surface of the semiconductor. In another embodiment, the 
catalyst is formed with surface structures containing atomically 
uniform monolayers. 

Please replace the paragraph beginning on page 32, line 1 as 
follows : 

The hot, for example, e l e ctron, carrier emitter of hot 
electrons includes the semiconductor diode formed by negative 
electrode 306 in contact with n type semiconductor 308, p type 
semiconductor 312, p-n junction 310 formed between the n type . 
semiconductor 308 and the p type semiconductor 312, p doped or 
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heavily p doped p+ semiconductor 304, and positive electrode 314. 

Please replace the paragraph beginning on page 32, line 8 as 
follows: 

Figure 4 illustrates a cross section 400 of a solid state 
surface catalysis reactor device with thin electrode 402 forming 
a substrate for catalyst structures. In this embodiment, the 
catalytic excitation collector includes a thin electrode 
underlayer 402, catalyst structures 404 and a bus bar electrical 
connection 406 in electrical contact with the thin electrode 
underlayer 402. The hot electron emitter includes a 
semiconductor diode formed by negative electrical connection 408, 
n-type semiconductor 410, p-n junction 412, p type semiconductor 
414, p doped or heavily p doped p+ semiconductor 416, and thin 
electrode underlayer 402. As shown, the thin electrode 
underlayer 4 02 may be common to the hot electron emitter and the 
catalytic excitation collector. The thin electrode underlayer 
402 may be a thin positive electrode. The thin electrode 
underlayer 402 is preferably selected from those materials that 
make an ohmic or almost ohmic junction to the semiconductor. 

Please replace the paragraph beginning on page 33, line 7 as 

follows : 

For p.] e y hot electrons that have 0.3 eV en ergy and that 
will come in contact with commonly used contact metals such as 
silver ("Ag"), gold ("Au"), and copper (»Cu»), the electron 
energy lifetime exceeds 2 00 femtoseconds and the electron 
velocity is of order 1.4e6 meters/second. The resulting energy 
mean free path is therefore of order 280 nanometers. This 
permits the underlayer electrical contact to the semiconductor 
to be an order of magnitude thicker than the catalytic excitation 
collector and enhances manuf acturability . Thin, l to 5 nanometer 
("nm") layers of Au, Ag and Cu conductors are routinely 
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fabricated on semiconductors, permitting a thin layer to form the 
ohmic or almost ohmic contact with semiconductor. This thin 
layer, e.g., the thin electrode 402, assures that the Fermi level 
of the catalyst and the Fermi level of the p type semiconductor 
emitter are the same or practically the same. In this 
embodiment, a thin, 1 to 20 nm layer of metal such as Au, Ag or 
Cu may be used as the electrode 402 or substrate for the catalyst 
ensemble- It should further be appreciated that the present 
invention does not limit the choice of contact metal used to form 
the electrode to Au, Ag or Cu, and other metals, alloys or semi- 
metals may be selected to form at least a nearly ohmic junction 
with the semiconductor. 

Please replace the paragraph beginning on page 34, line 16 
as follows : 

As an example, a preferred doping of 2el9 per cc donors in 
InSb or InAs is considered to be such a heavy doping. 
Degenerative doping of the semiconductor to 2e20 per cc and 
bonding a suitable metal, such as Au, Ag, or eu Cu, as the thin 
metal contact can make an almost ohmic electrical connection to 
the semiconductor. Nearly any metal may form such an almost 
ohmic junction because the junction dimension under heavy or 
degenerative doping is of order 1 nanometer or less, and at this 
dimension tunneling across the junction is predominating. A 
junction of this type typically has characteristic p-n junction 
dimension of order 3 nanometers or less and electron diffusion 
length in the emitter and collector regions in excess of 1 
micron. The dimension may be limited by Auger recombination. 
Therefore, the junction between the emitter and the catalytic 
excitation collector elements of the present invention can be 
readily constructed since .1 micron thickness and greater 
dimension is routinely achieved in practice. 
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Please replace the paragraph beginning on page 34, line 34 
as follows : 

The thin electrode is bonded to the p type semiconductor 
surface. The catalyst clusters or layers are placed on the thin 
electrode and preferably near to the p-n junction. "Near" is 
defined to be "a distance that is within the diffusion dimension 
of minority carriers in the emitter semiconductor." This 
dimension is typically of order 0.1 micron or more. The 
calculated diffusion length of electrons in p type InSb doped to 
2e20 per cc is of order 7 microns and 5.5 microns in InAs . 
However, observed Auger lifetimes of 1 picosecond suggest the 
diffusion length. is of order 1 micron. As will be appreciated by 
those skilled in the art, this dimension is well within current 
manufacturing state of the art- Accordingly, the catalyst metal 
3 02 and 404 or the thin metal contact underlayer 4 02 may serve as 
both the catalytic excitation collector and an emitter positive 
electrical connection. This also reduces the cost and complexity 
of fabrication. 

Please replace the paragraph beginning on page 35, line 16 
as follows: 

Figure 5 shows a cross section 500 of a solid state surface 
catalysis reactor device similar to that illustrated in Figure 4 
and with reaction accelerator-decelerator materials 502 
surrounding or adjacent to catalyst structures 404. As described 
with reference to Figure 2, in an exemplary embodiment, the 
catalyst clusters may further include chemical surface reaction 
activators, accelerators or decelerators placed in their 
proximity, such as oxides or other materials. As shown, the 
catalytic excitation collector includes the catalyst structures 
404, an optional thin electrode underlayer 402, and catalyst 
accelerators or decelerators 5 02 such as oxides. For example, 
oxides of the catalyst itself, or oxides of cerium, titanium or 

NYCDMS/421220 -1 3 6 



PACE 38/65 * RCVD AT 4/1 9/2004 4:41:14 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/8 " DNIS:8729306 * CSID: 212891 3547 * DURATION (mm-SS): 23-42 



04/19/2004 15:55 FAX 2128913547 



BAKER & MCKENZIE 



81039 



aluminum may be formed between the catalyst islands or layers. 
The distance a hot electron must travel through the catalyst 4 04 
and thin electrode underlayer 402 is preferably less than several 
times the total energy mean free path. 

Please replace the paragraph beginning on page 35, line 34 
as follows: 

Figure 6 shows a cross section 600 of the solid state 
surface catalysis reactor device including a single metal element 
605 that is at the same time an electrical connection to the 
emitter, the underlayer of the catalytic excitation collector and 
forms the metal element of a Schottky diode. 

Please replace the paragraph beginning on page 3 6 , line 4 as 
follows; 

Shown in Figure 6 is a solid state surface catalysis reactor 
device using a Schottky diode. Reactants adsorb on the catalytic 
excitation collector 605-; — and 607. A Schottky diode is 
formed between the thin metal underlayer 605 , the more heavily 
doped semiconductor 604 shown as n type for illustration 
appropriate for the hot carrier being hot electrons, the lesser 
doped semiconductor region 601, and the thicker negative 
electrical connection 606. Bus bar 602 provides the electrical 
connection for the current -carrying, positive, thin electrode 
605. In operation, the diode is pulsed with a forward bias, that 
is, electrode 606 is pulsed negative with respect to positive 
electrode 605, consuming electric power. This triggers surface 
reactions on the catalyst ensemble 607 and causes products to be 
formed. 

Excess reaction energy may cause the device to operate in 
generator mode. Here, excess hot electrons produced by the 
reactions may p roduce a burst of hot electrons which travel 
through the thin catalyst structure 6 07 and element 605, surpass 
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the Schottky barrier potential and enter the diode regions 601 
and 604, forward biasing the diode and producing electric power. 

Please replace the paragraph beginning on page 36, line 23 
as follows : 

The reversible nature of this embodiment is shown for 
illustration. The reaction stimulation properties of the same 

device may be its principle functio n, or the - . The electrical 

generation properties may be the principle function. 

Please replace the paragraph beginning on page 37, line 17 
as follows: 

In this and all other embodiments, the effectiveness of the 
stimulator, generator and reactor may be greatly enhanced by 
providing reactants in the gas phase. In this case, the 
adsorbates on the catalyst surface interact with the hot 
carriers. When a liquid covers the catalyst, multiple layers of 
adsorbate absorb the hot electron and diminish its effectiveness. 
Thuo, a point of novelty of thio invention alao include the uoo 
©# In one embodiment, forward biased devices may be used for the 
purpose of reaction stimulation or electric generation. 
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